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(54) Adaptive focusing method and apparatus 

(57) An adaptive focusing apparatus and method 
tliereof of an optical disc drive having a focus sen/o con- 
troller (140) moves a pickup head (110) to an optimal 
focus point. A disc driver (150) rotates an optical disc 
(100) and includes a reflected signal detector (120) de- 
tecting a signal reflected from the optical disc (100) by 
the pickup head (110) and a signal processor preventing 
spikes between a surface of the optical disc (100) and 



the pickup head (110) in response to the reflected signal 
and generating a focus drive signal for the focus servo 
controller (140) using an adaptive focus search algo- 
rithm. The algorithm includes a static part and a dynamic 
partto reduce a focus search time. Accordingly, damage 
to the optical disc (1 00) due to spikes between the sur- 
face of the optical disc (1 00) and the pickup head (1 1 0) 
can be prevented and a focus search time can be re- 
duced. 
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Description 

[0001] The present invention relates to the field of^* 
controlling an optical disc drive, and more particularly, 
to an adaptive focusing method and apparatus to control 
an optical disc drive using an adaptive focus search al- 
gorithnn. 

[0002] An optical disc is a mass storage medium that 
can hold up to several tens gigabytes of binary data In 
an inexpensive plastic disc. Due to a large capacity of 
the optical disc, the optical disc Is widely used as a major 
data storage medium in the computer field and multime- 
dia devices. 

[0003] An optical disc drive Includes a large number 
of component parts including motors, actuators, and op- 
tical and electronic components. Many control algo- 
rithms are used to control motors and actuators to move 
a pickup head in a proper way so as to access a record- 
ing layer on a disc surface. One of problems of the con- 
trol algorithms is to focus a laser beam onto the surface 
of the optical disc. More particularly, the control algo- 
rithms have a problem with detecting and adjusting an 
optimal focus point of the pickup head. 
[0004] In conventional optical pickup heads, a laser 
diode Is used to generate the laser beam to be radiated 
onto a data area (i.e., the recording layer) of the optical 
disc. A photo sensor, which generates opto-electrica! 
signals representing focusing/tracking errors in the op- 
tical pickup heads, detects the laser beam reflected from 
the surface of the optical disc. The photo sensor in- 
cludes a number of separate light sensitive areas. Some 
of the light sensitive areas is usedto generate afocusing 
en-or signal (FES). The FES Is used in servo control al- 
gorithms to detect and adjust the pickup head to correct 
a focusing position. A control signal of a focus actuator 
is referred to as a focus drive signal (FOD). 
[0005] Figure 1 is a time diagram illustrating a process 
Including a general focusing algorithm used in the opti- 
cal disc drive. At an Initial stage, the pickup head moves 
from a central position 0.0 (O-state) toward a iowemiost 
position (1 -state). When the pickup head reaches the 
lowemnost position (1 -state), the pickup head goes to 
the uppenmost position (2-state) to make a saw-tooth 
pulse movement. When the pickup head arrives at the 
uppemnost position (2-state), the pickup head goes back 
to the lowermost position (1 -state) and then repeats the 
process of going to the 2-state and back to the 1 -state 
until the pickup head stably achieves focusing. This pro- 
cedure is called a focus search. 'FODTOPMARGN' Is a 
constant to define a maximum value of the FOD during 
a focus search and 'FODBOTMARGN' is a constant to 
define a minimum value of the FOD during the focus 
search. 'FODMAGNSTEP' and 'FODTIMESTEP' are 
constants to determine a velocity of the focus actuator, 
i.e., constants to define fixed distance Inten/als for a 
smallest change in the FOD and time inten/als between 
closest changes in the FOD, respectively. 
[0006] When the pickup head approaches the focus 



point, the FES changes like S-curves shown in Figure 
2. A center of the S-curves corresponds to the focus 
point of the pickup head and a number of S-curves is 
equal to a number of layers of an optical disc. 
5 [0007] However, a high-density optical disc uses an 
objective lens having a small numerical aperture (NA) 
and has a small gap between the surface and a record- 
ing layer of the high-density optical disc. Thus, a focal 
length of the objective lens decreases and an allowance 
10 of a vertteai distortion of the high-density optical disc in- 
creases. As a result, when the general focusing algo- 
rithm presented In Figure 1 Is used, the objective lens 
is highly likely to scratch or damage the surface of the 
high-density optical disc. A searching time is long until 
15 the stable focusing is attained in an initial search for a 
focus point and after losing the focus due to dirt on and 
damage to the surface of the high-density optical disc. 
[0008] Documents describing conventional focusing 
algorithms include International Patent Application No. 
20 WO 02/59888, entitled "Optical Disk Drive with Digital 
Focus and Tracking Servo System", U.S. Patent Appli- 
cation No. 6,192,010, entitled "Apparatus and Method 
for Adjusting Pickup Head of Optical Disc Drive to Op- 
timal Focus Point", and U.S. Patent Application No. 
25 6,392,971, entitled "Focus control Method and Optical 
Disc Recording/Reproducing Apparatus". 
[0009] One aim of the present invention Is to provide 
an adaptive focusing method and apparatus of a high- 
density optical disc where a gap between a surface and 
30 a recording layer Is small. 

[001 0] Another aim is to provide an adaptive focusing 
method and apparatus to prevent an objective lens of a 
pickup head from scratching or damaging a surface of 
an optical disc during a search for a focus point. 
35 [0011] Yet another aim is to provide an adaptive fo- 
cusing method and apparatus to search for afocus point 
within a short period of time right before focusing or in 
an initial state. 

[0012] Still another aim is to provide an adaptive fo- 
40 cusing method and apparatus to search for a focus point 
within a short period of time after a focus point loosing 
event during a focus search. 

[0013] Other aims and/or advantages of the invention 
will be set forth In part in the description which follows 

45 and, In part, will be obvious from the description, or may 
be learned by practice of the Invention. 
[0014] According to the present Invention there is pro- 
vided an apparatus and method as set forth in the ap- 
pended claims. Preferred features of the invention will 

50 be apparent from the dependent claims, and the de- 
scription which follows. 

[0015] In one aspect of the present invention, there Is 
provided an adaptive focusing method for a static part 
In which an optical disc is not driven and a pickup head 
55 operates In an optical disc drive. The pickup head falls 
from the optical disc to a minimum value of a focus drive 
signal during a focus search operation. When the pickup 
head reaches the minimum value of the focus drive sig- 
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nal, the pickup head rises close to the optical disc and 
then to a maximum allowable value of the focus drive 
signal when a signal reflected from the optical disc is 
detected. When the pickup head reaches the maximum 
allowable value of the focus drive signal, the pickup 
head falls from the optical disc to a minimum allowable 
value of the focus drive signal. 

[0016] In another aspect of the present invention, 
there is provided an adaptive focusing method of a dy- 
namic part in which a focus is deviated when both a disc 
driver and a pick head operate in an optical disc drive. 
A pickup head rises from a lowermost position from a 
surface of an optical disc and then to a maximum allow- 
able value of a focus drive signal when a signal reflected 
from the optical disc is detected. When the pickup head 
reaches the maximum allowable value of the focus drive 
signal, the pickup head fails from the optical disc to a 
minimum allowable value of the focus drive signal. 
[0017] In still another aspect of the jaresent invention, 
there is provided an adaptive focusing apparatus of an 
optical disc drive Including a focus servo controller that 
moves a pickup head to an optimal focus point and a 
disc driver that rotates an optical disc. The adaptive fo- 
cusing apparatus includes a reflected signal detector 
that detects a signal reflected from the optical disc by 
the pickup head and a signal processor that prevents 
spikes between a surface of the optical disc and the 
pickup head in response to the reflected signal and gen- 
erates a focus drive signal for the focus servo controller 
using an adaptive focus search algorithm Including a 
static part and a dynamic part to reduce a focus search 
time. 

[0018] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
example, to the accompanying diagrammatic drawings 

in which: 

Figure 1 is a time diagram of a general focusing al- 
gorithm; 

Figure 2 illustrates a FES curving in an S shape 
when a pickup head approaches a focus point; 

Figure 3 is a schematic block diagram of an optical 
disc drive to which an adaptive focusing method is 
applied, according to an embodiment of the present 
invention; 

Figure 4 is a time diagram of an adaptive focus 
search algorithm, according to an embodiment of 
the present invention; and 

Figures 5A through 5D are time diagrams of the 
adaptive focus search algorithm, according to an- 
other embodiment of the present invention. 

[0019] Figure 3 is a schematic block diagram of an 
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optical disc drive to which an adaptive focusing method 
Is applied, according to a preferred embodiment of the 
»• present invention. Reference numeral 100 denotes a 
disC: reference numeral 110 denotes a pickup unit, 
5 which can also be referred to as a pickup head, including 
an optical system including a laser diode, an objective 
lens, a photo sensor, and the like, and reference numer- 
al 120 denotes a reflected signal detector which detects 
a reflected signal from the photo sensor. Reference nu- 
'0 moral 130 denotes a signal processor which generates 
a signal to drive the optical disc drive using an adaptive 
focus search algorithm, including astatic part and a dy- 
namic part, that prevents spikes from a surface of the 
disc 100 and the objective lens and reduces a focus 
*5 search time. Reference numeral 140 denotes a focus 
servo controller including a focus actuator, which keeps 
a gap between the objective lens and a recording layer 
of the disc 1 00 in a focus-in state, and so forth. Refer- 
ence numeral 1 50 denotes a disc driver including a spin- 
dle motor, which rotates the disc 1 00, and the like. 
[0020] The adaptive focus search algorithm, which 
can be realized as software in a controller (not shown) 
of the signal processor 130 or in the signal processor 
130, is divided into two parts. The first part is the static 
part used before starting focusing or in initialization. In 
the static part, for illustrative purposes, the spindle mo- 
tor of the disc driver 150 is motionless and the focus 
actuator of the focus servo controller 140 has an adap- 
tive swing margin. A swing margin of the focus actuator 
can be calculated every pass of the pickup head de- 
pending on an actual position of a center of S-curves or 
a focus point and may be an absolute swing margin to 
prevent damage to the optical system in the absence of 
an FES feedback signal. The static part does not allow 
the rotation of the spindle motor and is proposed to 
check a type of disc and a number of layers and to adjust 
an FES gain coefficient. 

[0021] The second part is the dynamic part, which 
should be used only when the disc 100 rotates in syn- 
chronization with a velocity of the spindle motor of the 
disc driver 150 and when a focus is suddenly deviated 
due to outer disturbances, an unstable operation of the 
optical system, damage to the disc 100. orthe like during 
a normal operation. The dynamic part assumes that an 
actual value of a focus drive signal (FOD) indicates a 
lowest position of the surface of the disc 1 00. The actual 
value of the FOD is a minimum value of a low-pass fil- 
tered FOD value with a cut-off frequency of about a ro- 
tation frequency of the spindle motor. The minimum val- 
ue of the low-pass filtered FOD value provides informa- 
tion about a safe area for the pickup head and a place 
to start an iteration of the focus search. 
[0022] Figure 4 is a time diagram of the adaptive focus 
search algorithm, according to an aspect of the present 
invention, and particularty, a time diagram of the FES 
and the FOD when performing the static part in which 
the disc 100 does not rotate and only the pickup head 
operates. The adaptive focus search algorithm will be 
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described with reference to the optical disc drive shown 
in Figure 3. 

[0023] The static part of the adaptive focus search al- ^ 
gorithm has three states, i.e., 0-state, 1 -state, and 
2-state. The 0-state indicates that the optical disc drive 
Is positioned at a central point where the FOD is zero, 
the 1 -state represents a descending region of the FOD, 
and the 2-state represents an ascending region of the 
FOD. 

[0024] In other words, in the static part, the controller 
of the signal processor 1 30 controls the pickup head at 
the central point (i.e., In the 0-state) so as to move to 
the lowest position according to the FOD provided from 
the focus servo controller 140 in order to fomi the de- 
scending region (i.e., in the 1 -state) of the FOD. The 
bottom margin of the FOD is defined by a constant FOD- 
BOTMARGN. which Is set so as to get a large enough 
margin in consideration of a vertical distortion of the ob- 
jective lens. A descending speed of the FOD is defined 
by constants FODMAGNSTEP and FODTIMESTEP. 
[0025] When the pickup head reaches the lowest po- 
sition, the ascending region (i.e., the 2-state) of the FOD 
is formed. In the ascending region, it may be determined 
whether the signal is reflected from the disc 100. For 
example, in the ascending region, It may be determined 
whether the FES has the S-curves and whether a sum 
signal, which Is called a radio frequency (RF) signal of 
the signals picked up by the pickup unit 110, can be 
used. 

[0026] In other words, the laser diode of the pickup 
unit 11 0 is used to generate a laser beam to be radiated 
onto the recording layer of the disc 100. The photo sen- 
sor, which generates opto -electrical signals represent- 
ing focusing/tracking errors in the pickup head, detects 
the laser beam reflected from the surface and the re- 
cording layer of the disc 100. The photo sensor has a 
number of separate light sensitive areas and the reflect- 
ed signal detector 120 detects a portion of the reflected 
laser beam as the FES or detects the sum signal (i.e., 
the RF signal) to use the FES signal or the sum signal 
in the adaptive focus search algorithm. 
[0027] The signal detector 130 analog-to-digitalcon- 
vertsthe reflected signal (FES) detected by the reflected 
signal reflector 120 to obtain an actual value of the FES 
and low-pass filters the actual value of the FES, so that 
the controller can check whether the disc 1 00 is loaded, 
a type of disc, a number of layers of the disc 100 and 
adjust an FES gain coefficient using the actual value of 
the FES. The controller digital-to-analogconverts the 
FOD value calculated by variables and constants used 
In the adaptive focus search algorithm presented in Fig- 
ure 4 and, then, provides the FOD value to the focus 
servo controller 140. 

[0028] The prevention of the spikes between the disc 
100 and the objective lens of the pickup unit 110 is 
achieved by checking a rising part period of the S-curves 
of the FES, In an existing focus search algorithm, a re- 
sult thereof marked with dotted lines In Figure 4, a rising 



region of an FOD depends on a constant FODTOPMAR- 
GN. In the adaptive focus search algorithm, according 
to an aspect of the present invention, the ascending re- 
gion of the FOD rises up to a maximum allowable value 

5 FOUT_MAX of the FOD, which con^esponds to a maxi- 
mum focus search voltage. The maximum allowable val- 
ue FOUT_MAX exists within the constant FODTOP- 
MARGN. When the pickup head reaches the maximum 
allowable value FOUT_MAX of the FOD, the descend- 

10 ing region of the FOD is formed. In the existing focus 
search algorithm, the descending region of the FOD de- 
pends on a constant FODBOTMARGN. In the adaptive 
focus search algorithm, according to an aspect of the 
present invention, the descending region of the FOD Is 

15 formed to a minimum allowable value FOUT_MIN 
(which corresponds to a minimum focus search volt- 
age). The minimum allowable value FOUT_MIN exists 
within a constant FODBOTMARGN. When the pickup 
head reaches the minimum allowable value FOUT_MIN 

20 of the FOD, the ascending region of the FOD is re- 
formed. A number of times the descending region (i.e., 
the 1 -state) with the ascending region of the FOD and 
the ascending region (i.e. , the 2-state) with the descend- 
ing region of the FOD are repeated after the reflected 

25 signal is detected is detennlned in consideration of the 
stability of focusing. 

[0029] After the reflected signal is detected, a section 
Ta representing an amount of the movement of the pick- 
up head, i.e., a section ranging from a rising part of an 
30 S-curve to the maximum allowable value FOUT_MAX 
(which corresponds to a focus point) or from the maxi- 
mum allowable value FOUT_MAX to a falling part of the 
S-curve, may be set to be a fixed value. The section Ta 
may be adaptively set in proportion to a time interval 
35 from the reflection of the signal from the surface of the 
disc 1 00 to the reflection of the signal from the recording 
layer of the disc 100 or may be adaptively set using a 
peak-to-peak time of the FES with the S-curves. The set 
section Ta contributes to the prevention of the pickup 
40 head's touching the surface of the disc 1 00 and a reduc- 
tion in the time required to search for the focus point 
using an adaptive margin of the FOD. 
[0030] At the bottom of Figure 4, a focus point access 
time according to the general focus search algorithm 
45 and the focus point access time, according to an aspect 
of the adaptive focus search algorithm of the present 
invention, are shown. A time interval TO necessary to 
obtain a first S-curve is the same in both the general 
focus search algorithm and the adaptive focus search 
so algorithm. An access time between the first S-curve and 
a third S-curve is T2 In the general focus search algo- 
rithm, but T1 in the adaptive focus search algorithm, 
where T1 < T2. Accordingly, according to an aspect of 
the present invention , an actual swing margin (i.e. , a ver- 
55 tical deviation) of the pickup head is adaptive during a 
focus search operation to prevent the pickup head from 
touching the surface of the disc 1 00 due to outer distur- 
bances and the time required for searching for a focus 
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point is reduced. 

[0031] Figures 5A through 5D are time diagrams of 

the adaptive focus search algorithm, according to an- 
other aspect of the present invention, i.e., a time dia- 
gram of a profile of the FES and the FOD when perform- 
ing the dynamic part in which the disc 100 and the pickup 
head operate, a timing diagram of driving clock pulses 
of the spindle motor, and a timing diagram of the vertical 
deviation of the disc 100. The focus search algorithm 
will be described with reference to the optical disc drive 
shown in Figure 3. 

[0032] Figure 5A shows a profile of the vertical devi- 
ation of the disc 100 during the rotation of the disc 100, 
and Figure 5B shows the driving clock pulses of the spin- 
dle motor generated by the disc driver 150, which ro- 
tates the disc 100. Figure 5C is the timing diagram of 
the FOD, and Figure 5D is the timing diagram of the 
FES. 

[0033] According to the dynamic part of the adaptive 
focus search algorithm, although focusing deviates dur- 
ing the operation of the disc 1 00 due to outer disturbanc- 
es, the vertical deviation (Figure 5A) of the disc 100 can 
be predicted. Thus, the FOD, which is referred to as a 
focus search voltage, is adjusted so that the disc 1 00 
enters a closest focus position. Four states of the FOD, 
i.e., the 0-state, the 1 -state, the 2-state, and a 3-state, 
will be described below. 

[0034] In the 0-state, a time delay is created to prevent 
false conditions caused by possible false S-curves of 
the FES due to the unpredictable relative positions of 
the pickup head and the surface of the disc 100. A cur- 
rent output FSOUTofthe FODis initialized and the max- 
imum allowable value FOUT_MAX of the FOD is set to 
be an initial margin. In other words, an initial value of 
the maximum allowable value FOUT_MAX of the FOD 
is equal to a variable FOUT_MlN_GLOB and depends 
on a previous state of a focus servo system of the optical 
disc drive. When the previous state of the focus servo 
system is an on-focus state, the variable 
FOUT_MIN_GLOB has a minimum filtered FOD value, 
which corresponds to a lowermost position of the sur- 
face of the disc 1 00. When the previous state of the fo- 
cus servo system is not the on-focus state, the variable 
FOUT_MIN_GLOB has a constant FODBOTMARGN to 
prevent the touching of the disc 100. In Figure 5C, 
FOUT_MIN_GLOB_G is a constant to define a fixed dis- 
tance interval for an initial position of the FOD in a start- 
ing portion of the dynamic part of the adaptive focus 
search algorithm. 

[0035] The 1 -state forms a slowly ascending region of 
the FOD with a rising velocity of at least predetermined 
times (e.g., 10 times) less than the rising velocity of the 
pickup head. A vertical rising velocity of the pickup head 
is set to be less than a vertical deviation velocity of the 
surface of the disc 1 00 shown in Figure 5A. 
[0036] If the S-curve of the FOD is found, the voltage 
FSOUT of the FOD is stored and a time uiSTIME to keep 
a latest moment an S-curve is found is stored. Further, 



a new top margin FOUT_MAX is calculated as a focus 
point A*FODTIMESTEP, and the 1 -state is switched to 
the 2-state. When no S-curves are founds the 1 -state is 
switched to the 0-state so as to start the dynamic part 

5 from an initial state. 

[0037] The 2-state forms the ascending region of the 
FOD. During the 2-state, the FES having the S-curves 
is checked. When the S-curve is found, the new top mar- 
gin FOUT_M AX is calculated as the focus point A*FOD- 

10 MAGNSTEP, where A is a constant. In this calculation, 
the time and the distance of the movement of the pickup 
head are fixed in the 2-state. 

[0038] The 3-state forms the descending and flat hor- 
izontal regions of the FOD. The descending region 

IS quickly moves the pickup head from a dangerous area 
to a safe position and the flat region keeps the pickup 
head In a stand-by state. A stand-by state duration is 
calculated by uSTIME (a last instant of time when an S- 
curve is found) + uREVTIME (revolution interval of the 

20 spindle motor) - (A+B)*FODTIMSTEP. Here, B is a con- 
stant to define a fixed distance interval to keep the pick- 
up head below the lowermost position of the surface of 
the disc 1 00. After the 3-state, the 3-state is switched to 
the 2-state, and then the states are repeated in the order 

25 of the 2-state, the 3-state, the 2-state, the 3-state, etc. 
to search for the focus. 

[0039] Accordingly, the dynamic part of the focus 
search algorithm uses information about a revolution 
time of the spindle motor, a current time, and a moment 
30 of a safe lowermost potion of the surface of the disc 1 00 
to synchronize the moment of getting the S-curves and 
the lowermost position of the surface of the disc 100, 
which leads to a safe, unbreakable focus search algo- 
rithm. Also, the focus search time required to enter the 
35 safe focus state can be reduced. 

[0040] As described above, according to an aspect, 
the present invention is suitable for a high-density opti- 
cal disc in which a gap between a surface and the re- 
cording layer is narrow. Also, an objective lens of a pick- 
et? up head can be prevented from scratching or damaging 
the surface of the high-density optical disc during a 
search for a focus point. A time required to search for 
the focus point can be reduced right before starting fo- 
cusing or in an initial state. Moreover, after losing the 
^5 focus point In a normal operation, the search for the fo- 
cus point is possible within a short period of time. As a 
result, stability and reliability of an optical system may 
be improved. 

[0041] A focus search algorithm proposed in the 
50 present invention is suitable for a high-density optical 
disc and can be realized in a digital signal processor, a 
microprocessor, or the like without any additional hard- 
ware cost. 

[0042] Although a few preferred embodiments have 
55 been shown and described, it will be appreciated by 
those skilled in the art that various changes and modi- 
fications might be made without departing from the 
scope of the invention, as defined in the appended 
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ciaims. 

[0043] Attention is directed to all papers and docu- 
ments which are filed concurrently with or previous to ^ 
this specification in connection with this application and 
which are open to public inspection with this specifica- 
tion, and the contents of all such papers and documents 
are Incorporated herein by reference. 
[0044] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0045] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings) may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0046] The invention is not restricted to the details of 
the foregoing embodiment{s). The invention extends to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 

Claims 

1. An adaptive focusing method of a static part in 
which an optical disc (1 00) is not driven and a pick- 
up head (110) operates in an optical disc (100) 
drive, the adaptive focusing method comprising: 

allowing the pickup head (110) to fall from the 
optical disc (1 00) to a minimum value of a focus 
drive signal during a focus search operation; 

allowing the pickup head (110) to rise close to 
the optical disc (1 00) and to a maximum allow- 
able value of the focus drive signal when a sig- 
nal reflected from the optical disc (100) is de- 
tected when the pickup head (110) reaches the 
minimum value of the focus drive signal; and 

allowing the pickup head (110) to fall from the 
optical disc (1 00) to a minimum allowable value 
of the focus drive signal when the pickup head 
(110) reaches the maximum allowable value of 
the focus drive signal. 

2. The adaptive focusing method of claim 1 , wherein 
the maximum allowable value of the focus drive sig- 
nal is within a maximum value of the focus drive sig- 
nal during the focus search operation, and the min- 
imum allowable value of the focus drive signal is 



within the minimum value of the focus drive signal 
during the focus search operation. 

3. The adaptive focusing method of claim 1 or 2, fur- 
5 ther comprising: 

repeating the rise of the pickup head (110) to 
the maximum allowable value of the focus drive 
signal and the fall of the pickup head (110) to 
10 the minimum allowable value of the focus drive 

signal after the fall of the pickup head (110) to 
the minimum allowable value of the focus drive 
signal. 

15 4. The adaptive focusing method of claim 1 , 2 or 3, 
wherein a vertical deviation of the pickup head (110) 
to the maximum allowable value of the focus drive 
signal after the reflected signal is detected Is set to 
be a fixed value. 

20 

5. The adaptive focusing method of any preceding 
claim, wherein a vertical deviation of the pickup 
head (110) to the maximum allowable value of the 
focus drive signal after the reflected signal is detect- 
25 Gd is set in proportion to a time interval from the re- 
flection of the signal from a surface of the optical 
disc (100) to the reflection of the signal from a re- 
cording layer of the optical disc (100). 

30 6. The adaptive focusing method of any preceding 
claim, wherein the reflected signal is a focus error 
signal that is a portion of a signal detected by the 
pickup head (110). 

35 7. The adaptive focusing method of any preceding 

claim, wherein the reflected signal is a sum signal 
of signals detected by the pickup head (110). 

8. The adaptive focusing method of claim 6 or 7, 
40 wherein a vertical deviation of the pickup head (110) 

to the maximum allowable value of the focus drive 
signal after the reflected signal is detected is set by 
detecting a peak-to-peak time of the focus error sig- 
nal. 

45 

9. The adaptive focusing method of claim 6, 7 or 8 
wherein the static part performs the focus search 
operation prior to a start of focusing or in an initial- 
ization operation, and checks whether the optical 

50 disc (100) is loaded, a type of optical disc (100), a 
number of layers of the optical disc (1 00) and adjust 
a gain coefficient of the focus error signal, using the 
signal reflected. 

55 10. An adaptive focusing method of a dynamic part in 
which a focus is deviated when both a disc driver 
(150) and a pickup head (110) operate in an optical 
disc (1 00) drive of an optical disc (1 00). the adaptive 
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focusing method comprising: 

allowing the pickup head (110) to rise Uom a 
lowermost position of a surface of the optical 
disc (100) and to a maximum allowable value 
of a focus drive signal when a signal reflected 
from the optical disc (ICQ) is detected; and 

allowing the pickup head (110) to fall from the 
optical disc (1 00) to a minimum allowable value 
of the focus drive signal when the pickup head 
(110) reaches the maximum allowable value of 
the focus drive signal. 

11. The adaptive focusing method of claim 10, further 
comprising allowing the pickup head (1 1 0) to stand- 
by at the minimum allowable value of the focus drive 
signal for a predetermined period of time before the 
rise of the pickup head (1 1 0) to the maximum allow- 
able value of the focus drive signal. 

12. The adaptive focusing method of claim 11 , wherein 
when a previous state of the optical disc (1 00) drive 
Is not an on-focus state, the pickup head (110) 
stands-by at the minimum allowable value of the fo- 
cus drive signal so as not to touch the optical disc 
(100). 

13. The adaptive focusing method of any of claims 10 
to 1 2, wherein the lowermost position of the surface 

of the optical disc (100) corresponds to the mini- 
mum allowable value of the focus drive signal. 

14. The adaptive focusing method of any of claims 10 
to 13, wherein the maximum allowable value of the 
focus drive signal is within a maximum value of the 
focus drive signal during a focus search operation, 
and the minimum allowable value of the focus drive 
signal is within a minimum value of the focus drive 
signal during the focus search operation. 

15. The adaptive focusing method of any of claims 10 
to 14, wherein a vertical deviation of the pickup 
head (110) to the maximum allowable value of the 
focus drive signal afterthe reflected signal is detect- 
ed is set to be a fixed value. 

16. The adaptive focusing method of any of claims 1 0 
to 15, wherein a vertical deviation of the pickup 
head (110) to the maximum allowable value of the 
focus drive signal afterthe reflected signal is detect- 
ed Is set In proportional to a time interval from the 
reflection of the signal from the surface of the optical 
disc (1 00) to the reflection of the signal from a re- 
cording layer 

17. The adaptive focusing method of any of claims 10 
to 16, wherein the reflected signal is a focus error 
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signal that is a portion of a signal detected by the 
pickup head (110). 

18. The adaptive focusing method of any of claims 10 
5 to 17, wherein the reflected signal is a sum signal 

of signals detected by the pickup head (110). 

19. The adaptive focusing method of claim 17 or 18, 
wherein a vertical deviation of the pickup head (110) 

10 to the maximum allowable value of the focus drive 
signal afterthe reflected signal is detected Is adap- 
tively set by detecting a peak-to-peak time of the 
focus error signal. 

^5 20. The adaptive focusing method of any of claims 10 
to 19, wherein the rise of the pickup head (110) to 
the maximum allowable value of the focus drive sig- 
nal comprises: 

20 allowing the pickup head (110) to rise at a slow- 

er speed than a vertical deviation speed of the 
optical disc (100); and 

allowing the pickup head (110) to rise to the 
25 maximum allowable value of the focus drive 

signal when the signal reflected from the optical 

disc (100) is detected. 

21 . The adaptive focusing method of claim 20, wherein 
30 the fall of the pickup head (1 1 0) to the minimum al- 
lowable value of the focus drive signal comprises: 

allowing the pickup head (110) to fall from the 
optical disc (1 00) to the minimum allowable val- 
35 ue of the focus drive signal when the pickup 

head (110) reaches the maximum allowable 
value of the focus drive signal; and 

allowing the pickup head (110) to stand-by at 
40 the minimum allowable value of the focus drive 

signal for a predetermined period of time when 
the pickup head (110) reaches the minimum al- 
lowable value of the focus drive signal. 

22. The adaptive focusing method of claim 21, further 
comprising: 

repeating the rise of the pickup head (110) to 
the maximum allowable value of the focus drive 
so signal when the signal reflected from the optical 

disc (100) is detected, the fall of the pickup 
head (110) to the minimum allowable value of 
the focus drive signal when the pickup head 
(110) reaches the minimum allowable value of 
55 the focus drive signal, and the stand-by of the 

pickup head (110) at the minimum allowable 
value of the focus drive signal when the pickup 
head (110) reaches the minimum allowable val- 
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ue of the focus drive signal, after the rise of the 
pickup head (110) to the maximum allowable 
value of the focus drive signal. 

23. An adaptive focusing apparatus of an optical disc 
drive of an optical disc (100), comprising: 

a disc driver (150) rotating the optical disc 
(100); 



a pickup head (110); 

a focus servo controller (140) that moves the 
pickup head (110) to an optimal focus point; 

a reflected signal detector (120) detecting a sig- 
nal reflected from the optical disc (1 00) by the 
pickup head (110); and 

a signal processor (130) preventing spikes be- 
tween a surface of the optical disc (100) and 
the pickup head (1 1 0) in response to the signal 
reflected and generating a focus drive signal for 
the focus servo controller (140) using an adap- 
tive focus search algorithm comprising a static 
part and a dynamic part to reduce a focus 
search time. 

24. The adaptive focusing apparatus of claim 23, 
wherein the disc driver (150) comprises a spindle 
motor and the focus servo controller (140) compris- 
es a focus actuator, and wherein the static part is 
applied before a focusing starts or in an initialization 
operation, and, during the static part, the spindle 
motor of the disc driver (150) is motionless and a 
swing margin of the focus actuator Is adaptive. 

25. The adaptive focusing apparatus of claim 24, 
wherein the static part allows the pickup head (1 1 0) 
to fall from the optical disc (1 00) to a minimum value 
of a focus drive signal during a focus search oper- 
ation, allows the pickup head (110) to rise close to 
the optical disc when the pickup head (1 1 0) reaches 
the minimum value of the focus drive signal and to 
a maximum allowable value of the focus drive signal 
when the signal Is reflected from the optical disc 
(100), and allows the pickup head (110) to fail from 
the optical disc (1 00) to a minimum allowable value 
of the focus drive signal when the pickup head (110) 
reaches the maximum allowable value of the focus 
drive signal. 

26. The adaptive focusing apparatus of claim 25, 
wherein the allowing of the pickup head (11 0) to rise 
to the maximum allowable value of the focus drive 
signal and the allowing of the pickup head (110) to 
fall to the minimum allowable value of the focus 
drive signal are repeated a predetermined number 



of times in consideration of a stability of the focus- 
ing. 

2?! The adaptive foci ng apparatus of claim 25 or 26, 
5 wherein a vertical . aviation of the pickup head (110) 
to the maximum allowable value of the focus drive 
signal after the reflected signal Is detected is set to 
be a fixed value. 

10 28. The adaptive focusing apparatus of claim 25, 26 or 
27 wherein, after the signal reflected is detected, a 
vertical deviation of the pickup head (110) to the 
maximum allowable value of the focus drive signal 
is set in proportion to a time interval from the reflec- 

15 tion of the signal from the surface of the optical disc 
(1 00) to the reflection of the signal from a recording 
layer. 



29. The adaptive focusing apparatus of any of claims 
20 25 to 28, wherein the reflected signal is a focus error 

signal that is a portion of a signal detected by the 
pickup head (110). 

30. The adaptive focusing apparatus of any of claims 
25 26 to 29, wherein the reflected signal is a sum signal 

of signals detected by the pickup head (110). 

31. The adaptive focusing apparatus of claim 29 or 30, 
wherein a vertical deviation of the pickup head (110) 

30 to the maximum allowable value of the focus drive 
signal after the reflected signal is detected is set by 
detecting a peak-to-peak time of the focus error sig- 
nal. 

35 32. The adaptive focusing apparatus of any of claims 
24 to 31 , wherein the swing margin is set to be an 
absolute margin to prevent damage to the optical 
disc drive. 

40 33. The adaptive focusing apparatus of any of claims 
24 to 32, wherein the swing margin is calculated 
every pass of the pickup head (110) depending on 
an actual position of a center of S-curves of the sig- 
nal reflected or an actual position of a focus point. 



45 



50 



55 



34. The adaptive focusing apparatus of any of claims 
24 to 33, wherein in the static part, the signal proc- 
essor does not allow the spindle motor to rotate, and 
checks a type of optical disc (1 00), a number of lay- 
ers and adjusts a gain coefficient of a focus error 
signal. 

35. The adaptive focusing apparatus of any of claims 
23 to 34, wherein the dynamic part is used when 
the optical disc (1 00) rotates in synchronization with 
a speed of the spindle motor of the disc driver (150) 
and when a focus is deviated due to outer distur- 
bances in a nonnal operation, instability of the op- 
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tical disc drive, or damage to the optical disc (1 00). 

36. The adaptive focusing apparatus of claim 35^ 
wherein the picl<up head (110) moves to an initial 
position being a lowermost position of the surface 
of the optical disc (1 00) to search for a focus point, 
where an actual value of the focus drive signal is 
the lowermost position of the surface of the optical 
disc (100). 

37. The adaptive focusing apparatus of claim 36, 
wherein the dynamic allows the pickup head (110) 
to rise from the initial position and to a maximum 
allowable value of the focus drive signal when the 
signal reflected from the optical disc (1 00) is detect- 
ed, and allows the pickup head (1 1 0) to fall from the 
optical disc (100) to a minimum allowable value of 
the focus drive signal when the pickup head (110) 
reaches the maximum allowable value of the focus 
drive signal. 
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42. The adaptive focusing apparatus of claim 41 , 
wherein after the 3-state, the 3-state is switched to 

the 2-state, and the states are repeated in an alter- 
nating order to search for the focus point. 
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38. The adaptive focusing apparatus of claim 37, 
wherein the dynamic part allov/s the pickup head 
(110) to stand-by at the minimum allowable value 

of the focus drive signal for a predetennined period 25 
of time before the rise of the pickup head (110). 

39. The adaptive focusing apparatus of claim 37 or 38, 
wherein the dynamic part allows the pickup head 
(110) to stand-by at the minimum allowable value 30 
of the focus drive signal when the pickup head (110) 
reaches the minimum allowable value of the focus 
drive signal after the fall of the pickup head (110). 

40. The adaptive focusing apparatus of any of claims 35 
23 to 39, wherein the dynamic part of the focus 
search algorithm uses information about a revolu- 
tion time of a spindle motor, a current time, and a 
moment of a safe lowermost potion of the surface 

of the disc to synchronize the moment of S-curves 40 
and the lowermost position of the surface of the 
disc. 



41. The adaptive focusing apparatus of any of claims 
23 to 40, wherein the dynamic part of the adaptive ^5 
focus search algorithm comprises a 0-state, a 
1 -state, and a 2-state, and a 3-state, wherein in the 
0-state, a time delay is created to prevent false con- 
ditions caused by false S-curves of a focusing error 
signal (FES) due to unpredictable relative positions so 
of the pickup head (110) and the surface of the disc, 
the 1 -state forms a slowly ascending region of a fo- 
cus drive signal (FOD) with a rising velocity of at 
least predetermined times less than a rising velocity 
of the pickup head (110), the 2-state forms an as- 55 
cending region of the FOD, and the 3-state forms 
descending and flat horizontal regions of the FOD. 
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